Degradation of the quorum-sensing signal molecule N-acyl-L-homoserine lactone (AHL) in cocultures was verified with Bacillus cereus and Yersinia enterocolitica in culture medium and in pork extract. Results showed evidence of microbial interaction when the AHL-degrading bacterium and AHL-producing bacterium were cocultured in a food-simulating condition.
degrading capacity of Bacillus cereus and some other current and former Bacillus spp. and to establish whether degradation capacity is noted in the coculture environment. The AHLdegrading capacity of Bacillus sp. strains was evaluated with both synthetic AHL molecules and AHL produced by Y. enterocolitica. The AHL degradation ability was further assessed in one B. cereus strain inoculated in coculture with a Y. enterocolitica strain in culture medium and pork extract.
Screening of synthetic-AHL degradation at 30°C. Twenty B. cereus and 29 other current and former Bacillus isolates were screened for their AHL degradation capacities. N-Hexanoyl-L-homoserine lactone (C 6 -HSL) (Biochemika Sigma-Aldrich) and 3-oxo-hexanoyl-L-homoserine lactone (3-oxo-C 6 -HSL) (Sigma-Aldrich) were used as target molecules in the degradation assay. Bacillus strains were inoculated with a loopful of culture in 50 ml LB medium and incubated at 30°C for 14 h. After incubation, a volume of 900 l of each culture was mixed with 100 l of each of the synthetic standards to obtain the final concentrations of C 6 -HSL and 3-oxo-C 6 -HSL of 50 mol liter Ϫ1 and 46 mol liter Ϫ1 , respectively. The mixtures were incubated for 24 h at 30°C, and the sterile supernatant was prepared by centrifuging cultures at 6,000 ϫ g for 5 min in a microcentrifuge (Biofuge; Pico, Osterode, Germany) and by filtration (0.45-m high-pressure liquid chromatography filters; Alltech, IL). The sterile supernatants were screened for the presence of AHL using an indirect fluorescence-based method (18) . Three replicate fluorescence measurements per supernatant were performed. Escherichia coli JB523, containing the plasmid pJBA130, responsible for the production of a green fluorescent protein, was used as an AHL biosensor (1) .
Controls prepared with each synthetic standard in LB medium were run in parallel. The recombinant Pseudomonas fluorescens P3/pME6863 strain and the derivate P. fluorescens P3/ pME6000 were used as degrader and nondegrader reference strains, respectively (18 (21, 23) ; however, to the best of our knowledge no reports on the AHL degradation ability of this microorganism have been presented so far.
Screening of synthetic-AHL degradation at 7°C. The ability of some psychrotrophic B. cereus isolates to degrade synthetic-AHL molecules at 7°C was investigated. A selection of psychrotrophic strains, previously confirmed as AHL degraders at 30°C, showed AHL-degrading capacity at 7°C, too.
Degradation of naturally produced AHL. P. polymyxa 625 and B. cereus 720, previously determined as C 6 -HSL-and 3-oxo-C 6 -HSL-degrading strains, were selected as AHL degraders. Y. enterocolitica 057 was selected as an AHL producer (16) AHL degradation with sterile Bacillus sp. supernatants. In order to determine if the degrading factor is excreted out of the cell or is cell bound, the filter-sterilized supernatants of the overnight AHL-degrading cultures of B. cereus 720 and P. polymyxa 625 were tested in the degradation assay, as described above. Current findings suggest that the degrading factor is not excreted to the cell exterior, which agrees with the report by Molina et al. (18) hypothesizing that AHL molecules diffuse into the AHL-degrader bacterial cells, where molecule inactivation takes place.
AHL degradation in cocultures. Different bacterial relationships and behaviors can occur when mixed bacterial populations are present, which is often the case in food. Therefore, the performance of these AHL-degrading mechanisms was evaluated in food-simulating conditions using an AHL producer-AHL degrader model. The assay comprised cocultures of B. cereus 720 and Y. enterocolitica 057 on solid and in liquid culture media. Pork extract (solid and liquid) was used as a model food matrix. For coculture on solid medium Y. enterocolitica 057 and Bacillus cereus 720 were streaked perpendicularly to each other onto the surface of LB agar previously inoculated with E. coli JB523. LB agar inoculated with E. coli JB523 was prepared as described for top-layer agar used in thin-layer chromatography identification of AHLs (16) . The pork extract, prepared as described elsewhere (3), was mixed with agar (Agar Bacteriological no. 1; Oxoid Ltd., Basingstoke, Hampshire, England) (1.6%) and sterilized. Pork extract agar was inoculated with the E. coli JB523 culture, as described above for LB agar. The non-AHL degrader B. cereus 258 was used as a negative control. After 24 h of incubation at 30°C, a fluorescent signal was determined using a Transilluminator (Fig. 1) . (18) . Symbols: Ϫ, no degrading activity observed; ϩ, weak degrading activity; ϩϩ, medium degrading activity; ϩϩϩ, high degrading activity.
Appropriate controls showed that pure cultures of B. cereus 720 and B. cereus 258 did not produce detectable AHL by the fluorescence assay. Similar results for AHL degradation were observed in pork extract agar. The possible explanation may lie in the diffusion of Y. enterocolitica short-chain AHLs through the medium into B. cereus cells, where they are then degraded.
For coculture in liquid medium, Y. enterocolitica 057 and test strain B. cereus 720 were cultured in 7 ml LB medium and incubated overnight at 30°C. The AHL nondegrader B. cereus 258 was used as a negative control for AHL degradation. Afterward, a mix of B. cereus and Y. enterocolitica (10:1) was prepared and 30 l of this mix was used to inoculate 30 ml of LB broth and/or pork extract (initial inoculum level of approximately 3 log CFU ml Ϫ1 and approximately 4 log CFU ml Ϫ1 for Y. enterocolitica and B. cereus, respectively). The cocultures were incubated for 24 h at 30°C and then 10-fold serially diluted in physiological peptone solution. The spread plate enumeration (detection limit, 100 CFU ml Ϫ1 ) was performed on the surface of egg yolk polymyxin agar (LAB M; Lancashire, United Kingdom) and plate count agar (Oxoid, Hampshire, England) containing crystal violet (1.5%, wt/vol) to enumerate B. cereus and Y. enterocolitica, respectively. Centrifugation, filter sterilization, and screening for the presence of AHLs in the supernatant with fluorescence assay were performed as described for synthetic-AHL degradation. Results obtained indicated no inhibition of the bacterial growth. Both microorganisms reached similar stationary-phase levels when grown in coculture in comparison to respective monoculture. A reduction in the fluorescence signal (RFU) values was noted for the coculture of B. cereus 720 and Y. enterocolitica 057, indicating AHL degradation (Fig. 2) . In contrast, in the coculture of B. cereus 258 and Y. enterocolitica 057 the obtained fluorescence signal (RFU value) was similar to the one produced by Y. enterocolitica in monoculture, indicating lack of AHL degradation (Fig. 2) . However, no difference in the counts of B. cereus 720 and B. cereus 258 in the respective cocultures was observed. A reduction of RFU values with cocultures of B. cereus 720 and Y. enterocolitica 057 was also observed in pork extract (Fig. 3) . However, in pork extract, a limited AHL degradation was observed also with B. cereus 258. As AHL molecules are chemically unstable under alkaline conditions (8), the pH value of pork extract (pH 5.7) could not have caused the observed AHL degradation. Further investigation is suggested in order to elucidate the observed results.
The present study provides evidence of the AHL-degrading capacities of B. cereus and P. polymyxa, also under food-simulating conditions. These bacteria may use this AHL-degrading mechanism as a competitive advantage over bacterial competitors, and it may help them to dominate their ecological niche (6, 19) .
